The recent results of the CLEO Collaboration on both inclusive and exclusive radiative B decays are combined with those of the UA2 Collaboration on W γ production to highly constrain the anomalous trilinear gauge couplings of the W . The theoretical analysis of the b → sγ process employs, next-to-leading order operator coefficient evolution as well as QCD bremsstrahlung and appropriate phase space corrections.
and λ, with the SM limit being ∆κ, λ = 0. Analyses of the b → sγ process including the effects of either of these new couplings separately to leading order in the QCD corrections already exist in the literature [7, 8] . Our philosophy will be that since we are quite ignorant of what new physics may lie beyond the SM, the size of any anomalous couplings should be treated as a priori unknowns and that we will let experimental data tell us what the bounds on these parameters are.
In the present paper we perform an analysis of this reaction to study the effects of showing that a only a 'relatively small' region of the ∆κ − λ plane remains allowed.
Our analysis proceeds as follows. In order to calculate the inclusive b → sγ branching fraction we begin as usual by scaling our expression for the b → sγ rate to the corresponding theoretical prediction for the semileptonic decay rate. (This removes a major uncertainty in the calculation associated with the overall factor of the fifth power of the b-quark mass appearing in both expressions.) We then use the latest data on the semileptonic branching fraction[10, 11] to rescale our result, i.e., B(b → Xℓν) = 0.108:
The semileptonic rate is calculated including both charm and non-charm modes, assuming V ub /V cb = 0.1, and includes both phase space and QCD corrections with m b = 5 GeV and m c = 1.5 GeV [12] . We note the important observation that a choice of a smaller value of m b will result in even stronger bounds than the ones presented below since the SM prediction for the b → sγ decay rate increases as the b-quark mass decreases. The calculation of the b → sγ rate itself uses the next-to-leading log evolution equations for the coefficients of the operators in the effective Hamiltonian due to Misiak [13] , the gluon bremsstrahlung corrections of Ali and Greub [14] , the m top = M W corrections of Cho and Grinstein [15] , a running α QED evaluated at the b-quark mass scale, and 3-loop evolution of the running α s matched to the value obtained at the Z scale via a global analysis [16] of all data. Phase space corrections for the strange quark mass in the final state were included and the ratio of Kobayashi-Maskawa mixing matrix elements, V tb V ts /V cb , was assumed to have unit magnitude. The details of this procedure for the SM will be presented elsewhere [17] . To complete the calculation we need to use the one-loop matching conditions for the various operators [13] 
W as the only free parameter. Fig. 1 shows the separate ∆κ and λ dependencies of the b → sγ branching, B, for a few choices of m t which follow from this procedure.
Note that for most values of these parameters, B is quite large, e.g., ≥ 10 −3 , and would thus already be in conflict with the old CLEO limit of 8.4 × 10 −4 [18] . Fig. 2 shows the region in the ∆κ − λ plane which would be allowed as this bound is tightened up and combined with those from the UA2 [2] analysis. We see that as m t increases, the allowed region of parameter space, given a specific bound on B, slowly shrinks. The reason for this is clear; as m t increases the SM prediction slowly begins to saturate the new CLEO limit thus forcing a further restriction on non-SM physics.
Taking the new CLEO limit at face value, we show in Fig. 3 found it will remove a large uncertainty in our calculation; if not, the bounds on both the anomalous coupling parameters will improve anyway as shown in Fig. 3. (ii) The actual new CLEO upper limit on the branching fraction for b → sγ may eventually become stronger than the result we use here as more data is accumulated. (iii) The CDF Collaboration (and perhaps later the D0 Collaboration) is expected to announce the results of their analysis of the pp → W γ process [21] , paralleling that of UA2, in the near future. One might expect that using the data from the 1988-9 Tevatron run alone, CDF may be able to reduce the size of the allowed region in the ∆κ − λ plane by about a factor of 2 [22] . Of course, with the increased integrated luminosity accumulated from the 1992-3 run, this reduction in the allowed region might be somewhat larger. (iv)CLEO can conclusively observe the b → sγ process. This is most likely to occur through the observation of a particular exclusive mode, such as B → K * γ, for which a reported upper limit of 9.2 × 10 −5 [18] has been known for some time. In fact, an actual branching fraction(not a limit!) for the B → K * γ process has just recently been reported by CLEO: B(B → K * γ) = (4.5 ± 1.5 ± 0.9) × 10 −5 [9] . We can, of course, safely conclude that the branching fraction for the inclusive b → sγ process is larger than this value since the ratio of the 'exclusive-to-inclusive' branching fractions must be less than unity. In fact, we can do substantially better by noting that this 'exclusive-to-inclusive' ratio is conservatively expected to be less than about 0.33 [23, 24] . If we take for purposes of demonstration the value of 5 × 10 −5 as the new lower limit on the inclusive rate which, results from using the factor of 0.33 as the 'exclusive-to-inclusive' ratio, we see from Fig. 4 that a sizeable portion of the ∆κ − λ parameter space that was allowed previously would then be eliminated. Clearly, taken together, (i − iv) above are allowing us to 'home-in' on a rather small region of the parameter space which contains the SM.
In this paper we have shown that by combining the new CLEO results on radiative B decays, a new theoretical calculation of the expected branching fraction for such processes, and the analysis by UA2 of W γ production puts strong constraints on the anomalous gauge boson couplings of the W . We anticipate that further restrictions in the anomalous coupling parameters will follow from (i)-(iv) above during the next year. While many believe both ∆κ and λ must be small, it is wise to have this confirmed by experiment. 
